Contents

Contents

AADSTTACT ... n e e nnnnes 1]

WA 11101 41T 1= TS o Vv

ADDIEVIATIONS ... e VI

T INIFOAUCTION. .. e e e e 1
1.1 USE Of PESHICIAES ... 1
1.2 AZOIe fUNQICIAES ..o 1
1.3 Multiple residues Of PESHICIAES .......ceviiiiiiiiiiiiiie e 2
1.4 HepatotoXiC effECtS ...cooveieee e 4
1.4.1 Steatotic effECtS ..o 5
LI 2 N (W o] == Tl =T ot =T o] (o < S 6
1.4.3  CYP BNZYMES ...ttt 9

P2 © [ o] =T {1V TP RRPP PP 10

R I © [ To [T g F= Ul g F= T g U 1o o SRS 11

3.1 Article I: Unexpected effects of propiconazole, tebuconazole and their mixture on

the receptors CAR and PXR in human liver Cells ..........ccooiiiiiiiiiiiiiiiciieeeee 12
3.1.1 ADSTTACT ... 13
3.1.2  INtrodUCHION.....cco e 13
3.1.3 Materials and Methods ............uueiiiiiiiiiiiiiiii e 15
314 ReSURS oo 20
315 DISCUSSION .. 28
3.1.6  Supplementary material description..........ccueeeiiiiiiiiiiii e 32

3.2  Atrticle Il: Propiconazole is an activator of AHR and causes concentration additive

effects with an established AHR ligand...........cccuuiiiiiiiiiiiii e 33
3.2.1 ADSITACT ... 34
3.2.2 INErOAUCTION.....ceieiieeeeee e 34
3.2.3  Materials and Methods ..o 35
3.24 RESUILS .. 41
3.2.5  DISCUSSION .. 50
3.2.6  Supplementary material desSCription..........coocueeiiiiiiiiie e 53

3.3 Atrticle lll: The azole fungicide tebuconazole affects human CYP1A1 and

CYP1A2 expression by an aryl hydrocarbon receptor-dependent pathway........ 54
3.3.1 ADSTTACT ... 55
3.3.2  INtrodUCHION.....cco e 55
3.3.3 Materials and MethOdS ...........uiiiiiiiiiiiiiiiiiiii i 57
3.3.4 ReSUIRS oo 61
3.3.5 DISCUSSION ... 69
3.3.6  Supplementary material desCription...........cocceeieiiiiiiie i 72



Contents

3.4  Article IV: Pregnane X receptor mediates steatotic effects of propiconazole and

tebuconazole in human liver cell INeS........coooviiiiiiiiiie, 73
3.4.1 Y 0 1= £ =T S 74
3.4.2  INtrodUCHION......cooii e 74
3.4.3 Materials and MethOdS ..........uuiiiiiiiiiiiiiiiiiiii e 77
3.4.4 RESUITS .. 80
3.4.5  DISCUSSION e 88
3.4.6  Supplementary material description..........ccueeeiiiiiiiiiiii e 91
4 GeNEral diSCUSSION ....ciieeiiiiiiiiiieee e e e ettt e e e e e e e e e e e e e e s e e e e e e e e e annnenees 92
4.1 Piand Te are multi-receptor agonists .........ccuooiiiiiiiiiiieiiee e 92
4.2  Species differences in triazole-mediated hepatotoXiCity ..........ccccveveeveeeiiiiiinnnee. 93
4.3  Suitability of HepaRG and HepG2 cell INeS........cccuvvieieiiiiiiiiieeee e 94
4.4  Steatotic effects Of tHAZ0IES ......coveeiiieeieeee e 94
4.5 Combination effects of Piand Te.......cccuuueiiiiiiiiii e 95
REIBIENCES ... 97
ACKNOWIEAGMENTS ...ttt snsnennnnees 105
FUNAING e 107
SelbststAndigKeitSerkIAruNg .........eeiiiiii i 108
Supplementary Material............ueiiiiiii s i
Article I: Unexpected effects of propiconazole, tebuconazole and their mixture on the
receptors CAR and PXR in human liver Cells ..o i
Article II: Propiconazole is an activator of AHR and causes concentration additive
effects with an established AHR ligand ..., iv
Article Ill: The azole fungicide tebuconazole affects human CYP1A1 and CYP1A2
expression by an aryl hydrocarbon receptor-dependent pathway ...................... vii
Article IV: Pregnane-X-receptor mediates steatotic effects of propiconazole and
tebuconazole in human liver cell INeS.........cooviiiiiiiiiiee, iX



